Two methods of determining diet botanical composition, microhistological (MH), and stable carbon isotope ratio (CR) analyses were used to determine botanical composition of ingesta and fecal grab samples in steers grazing rhizoma peanut−mixed tropical grass pastures. Three pastures were used over two grazing seasons, 1992 and 1993, in Brooksville, FL. A weighted-disc double-sampling technique was used to determine forage mass and botanical composition, percentage of rhizoma peanut ( Arachis glabrata) , grass ( Paspalum notatum and Cynodon dactlyon) , and forb (primarily Chenopodium ambrosioides) on offer every 28 d throughout the grazing seasons. There was an effect of sampling date ( P < .001), sampling date × pasture ( P < .001), and sampling date × year ( P < .001) on forage mass on offer. There was a pasture × year × sampling date interaction ( P < .001) for all botanical components. In 1992 and 1993, using cannulated steers sampled every 56 d, there were interactions with year for rhizoma peanut and forb ( P < .05), but not for grass with MH analysis (components: rhizoma peanut, grass, and forb). Ingesta and fecal rhizoma peanut ( r = .73 and .92 for 1992 and 1993, respectively) and ingesta and fecal forb ( r = .86 and .98 for 1992 and 1993, respectively) were positively correlated ( P < .001). Ingesta and fecal grass were positively correlated ( r = .52, P < .001), but the correlation was not as high. With the CR analysis (components: Calvin cycle [C 3 ] plants and C 4 -dicarboxylic acid pathway [C 4 ] plants), ingesta and corrected fecal (corrected for in vitro organic matter digestibility [IVOMD]) C 3 plants were positively correlated ( r = .62; P < .001). Diet composition of fecal grab samples from noncannulated steers, collected on the same sampling schedule as for hand-clipped pasture samples, differed at times due to the complexity of the sward (both rhizoma peanut and forb constituted a single component, C 3 , in the CR analysis). Based on these results, if there is a substantial contribution of forb to the diet, fecal microhistological analysis may be more informative than fecal carbon ratio analysis for estimating diet selection by cattle grazing tropical pastures.
Introduction
Cattle grazing mixed swards have the potential to selectively graze different forage species. Cattle generally consume forage of higher nutritional quality than that of total forage available (Coleman and Barth, 1973; Moore et al., 1987) .
Both microhistological ( MH) and stable carbon isotope ratio ( CR) analyses have been used to determine botanical composition of mixed swards and diets of grazing cattle. The basis for MH analysis of fecal, ruminal, esophageal, or hand-clipped samples is that different plant species have different epidermal characteristics (Sparks and Malechek, 1968) . Stable carbon isotope ratio analysis is based on differential assimilation of 12 C and 13 C during photosynthesis (Minson et al., 1975) . Plants that fix carbon dioxide through the Calvin cycle ( C 3 ) have different stable carbon isotope ratios than those that utilize the C 4 -dicarboxylic acid pathway ( C 4 ) . The ratio of natural carbon isotopes occurring in the diet, feces, and ruminal contents has been used to determine the proportion of legumes ( C 3 species) and tropical grasses ( C 4 species) selected by ruminants (Jones et al., 1979) .
The objective of this study was to determine the effects of seasonal changes in pasture botanical composition on the diet selected by steers grazing rhizoma peanut−mixed tropical grass pastures, as determined by MH and CR analyses.
Materials and Methods
In 1992 and 1993, 11 ruminally cannulated and 78 noncannulated steers were stratified among three "Florigraze" rhizoma peanut-mixed tropical grass (primarily common bermudagrass [Cynodon dactylon] and bahiagrass [Paspalum notatum] ) pastures based on BW and visually estimated breed type. Performance for the noncannulated steers was reported by Bennett et al. (1995) . Mean shrunk BW at the beginning of the grazing season, March 26, 1992, and March 25, 1993 , were 301 ± 2.8 kg and 288 ± 3.2 kg, respectively. Even though some steers were removed each year due to the inability to maintain cannulas, each pasture had at least two cannulated steers throughout the grazing season from March 26, 1992 , to September 25, 1992 ( n = 3, Pasture 1; n = 2, Pasture 2; n = 3, Pasture 3 ) and March 25, 1993 , to September 24, 1993 ( n = 2, Pasture 1; n = 2, Pasture 2; n = 2, Pasture 3). Prior to the grazing season, all steers were managed as reported by Bennett et al. (1995) .
Crossbred steers to be ruminally cannulated were halter broken through the winter, and ruminal cannulas (#1C rumen cannula with rolled inner flange, Bar Diamond, Parma, ID) were surgically installed at least 7 wk before the grazing season. Surgery was performed by staff veterinarians at the University of Florida, College of Veterinary Medicine using a modified procedure of Turner and McIlwairth (1989) . Cannulation procedures as well as the entire experimental protocol were approved by the institutional animal care and use committees of the University of Florida and the USDA, ARS, Subtropical Agricultural Research Station, Brooksville, FL.
Forage Mass, Quality, and Pasture Botanical Composition on Offer
Forage mass and botanical composition (percentage rhizoma peanut, grass, and forb) on offer were sampled every 28 d during both grazing seasons using a double-sampling technique (Ahmed and Bonham, 1982; Ahmed et al., 1983 ) with a weighted-disc as described by 't Mannetje (1978) . At the start of the grazing season, the forb component included a mixture of cool season annual species ( Lepidium virginicum, Geranium carolinianum, Gnaphalium sp., Oenothera lanciata, and Linaria canadiensis) , but these constituted a minor component of the sward and were not present after about June of each year. The main contributors to the forb component throughout the grazing season were Mexican tea ( Chenopodium ambrosoides) and blackberry ( Rubus sp.), both of which are perennials. Visual observation indicated that blackberry contributed little to the diet of steers, but, at certain times during the grazing season, Mexican tea was readily consumed.
Direct estimates of forage mass and botanical composition were made on clipped samples taken on every 10th discmeter observation. Clipped forage samples were stored at approximately −18°C until separated into grass, rhizoma peanut, forb, and dead material and were then refrozen. Separated samples were removed from the freezer and dried at 50 to 60°C to constant weight. The DM weight of rhizoma peanut, grass, and forb was expressed as a percentage of live (green) material.
Forage quality (CP, DM basis, and in vitro organic matter digestibility [IVOMD] ) was evaluated in hand-separated samples (rhizoma peanut, grass, and forb) composited by pasture. Analyses were performed at the University of Florida Forage Evaluation Support Laboratory (Gainesville). Dry matter and OM of samples were determined according to AOAC (1990) . In vitro OM digestibility of forage and ingesta samples was evaluated using a modified procedure (Moore and Mott, 1974) of Tilley and Terry (1963) , and CP was determined with the procedure described by Gallaher et al. (1975) .
Indirect measurements of botanical composition were performed by making visual estimates of the relative weights of forb, grass, and rhizoma peanut as a percentage of live (green) material for each discmeter measurement ( n = 80 to 100 per pasture on each date sampled) as described by Ahmed et al. (1983) . Forage mass (DM) on offer included live (green) and dead material. Regression equations for estimating forage mass and botanical composition (Ahmed et al., 1983) were generated using the direct values obtained from clipped samples.
Diet Sample Collection
Fecal grab samples and ingesta samples collected using rumen evacuation (cannulated steers) were used for determination of diet botanical composition. Steers grazed 2 wk before the first rumen evacuations were performed. Ingesta samples from one pasture group were collected each day over three consecutive d, every 56 d during the grazing season for a total of four collections per pasture. The procedure used was as described by Lesperance et al. (1960) . At sunrise, steers were gathered from the pasture, penned, haltered, and tethered. Fecal grab samples were collected, rumens emptied, and ruminal contents stored in covered, plastic, thermal containers. Steers were returned to the pasture, allowed to graze for approximately 45 min, and then brought back to the pen and tethered again. Ingesta samples were removed, leaving behind excess liquid as described by Olson (1991) . Ingesta and fecal samples were put into individual plastic containers, labeled, and stored at −18°C until subsequent processing. Original ruminal contents were replaced into the respective steers and steers were returned to their pastures by 0900.
Fecal grab samples were obtained from noncannulated steers every 28 d after March 26, 1992, and March 25, 1993 . Fecal grab samples from a subset of 12 steers ( n = 4 per pasture) were analyzed for botanical composition.
Microhistological Analysis
Microhistological analysis (Holechek and Gross, 1982; Johnson et al., 1983 ) was used to determine diet botanical composition based on differences in microanatomical features of forage particles in ingesta and fecal samples. Ingesta and fecal samples were dried to constant weight at 50 to 60°C and 70 to 80°C, respectively. Samples were ground to pass through a 1-mm screen, and decolorized with 5% (wt/vol) sodium hypochlorite. A .5-g sample was decolorized with 70 (ingesta samples) or 125 mL (fecal samples) of hypochlorite solution for 24 h. Presence of rhizoma peanut, grass, or forb in a microscopic field was recorded for 20 fields per slide, with five slides per sample for a total of 100 observations per sample. Samples were observed at magnification of 125 × with an inverted light microscope (Axiovert 35, Zeiss, West Germany) using phase contrast microscopy. Relative composition of each sample was calculated using a frequency to density conversion for each forage type as reported by Fracker and Brischle (1944) .
Stable Carbon Isotope Ratio Analysis
Dried rhizoma peanut, grass, forb, ingesta, and fecal samples were ground in a Wiley Mill to pass through a 1-mm screen. A 1.5-g subsample of each was then ground to a powder with a Wig-L-Bug (Crescent Dental Mfg. Co., Lyons, IL). Analysis of 13 C as described by Barrie and Lemley (1989) was performed using an automated N/C analyzer-mass spectrometer (Europa Scientific Ltd., Crewe, England) by a commercial laboratory (Metabolic Solutions, Merrimack, NH). For this analysis, duplicate 1.0-mg samples of the powdered subsamples were sealed in tin capsules, dropped into a combustion tube (Cr 2 O 3 , 1,020°C), and flash combusted at 1,700°C. Combustion products were drawn into a reduction tube (Cu, 600°C), and magnesium perchlorate and Carbosorb (BDH Ltd., Poole, England) traps removed water and carbon dioxide. Carbon dioxide in the helium carrier gas was analyzed by mass spectrometry.
The ratio of 13 C to 12 C was expressed as the difference ( d) in parts per thousand from the carbon isotope ratio in a carbonate standard (Pee Dee Belemnite). Equations proposed by Coates et al. (1987) were used to predict percentage of C 3 and C 4 plants in the diet using d 13 C of ingesta or fecal samples.
Statistical Analyses
Pasture forage mass and botanical composition on offer were analyzed as a split-plot in time using the GLM procedure of SAS (1989) . When significant, differences among means were separated with the PDIFF option. Main plots were pasture and year and were tested with the pasture × year interaction. The subplot was sampling date. Sampling date and the interactions with sampling date were tested with the residual error term. The three-way interaction for all botanical components was significant, so effects of sampling date were reanalyzed as a one-way ANOVA by year and pasture using PROC GLM.
Forage quality measurements, CP and IVOMD, were analyzed for effects of year, sampling date, and the year × sampling date interaction using PROC GLM. The error term for year and sampling date was the interaction term. For this analysis, pasture was the experimental unit.
The relationship between ingesta and fecal botanical components from cannulated steers was evaluated by linear regression using PROC GLM for both MH and CR analyses. Initial analyses included the effect of year as a class variable and the botanical component × year interaction. When the botanical component × year interaction was significant, data were reanalyzed by year. For CR, additional analyses were conducted using fecal data corrected for IVOMD of the botanical components (Coates et al., 1987) .
The effect of pasture (fixed) and days on pasture (random) on diet botanical composition determined by MH and CR analyses of feces from noncannulated steers was analyzed using PROC GLM. The pasture × days on pasture interaction was used to test the effect of pasture on diet botanical composition. The pasture botanical composition estimated from fecal MH and CR analyses was then compared with the botanical composition of forage on offer with a paired t-test using the MEANS procedure of SAS (1989).
Results and Discussion

Forage Mass, Quality, and Pasture Botanical Composition on Offer
There was a pasture × year interaction ( P < .001) due to greater forage mass in Pasture 1 in 1993 (2.59 ± .019, 2.47 ± .019, and 2.45 ± .019 Mg/ha for Pasture 1, 2, and 3, respectively) than in 1992 (2.45 ± .018, 2.40 ± .018, and 2.47 ± .018 for Pasture 1, 2, and 3, respectively). As would be expected, forage mass on offer was also affected by sample date ( P < .001) and its interaction with pasture and year (data not presented). Additionally, within total forage mass on offer, there were pasture × year × sampling date interactions ( P < .001) for the percentage on offer of the three botanical components measured (Figure 1 ). Changes in both forage mass on offer and botanical composition were due to normal variation among pastures and in seasonal and yearly climate (temperature and rainfall) that affect plant growth. At this location, the growth of tropical species such as rhizoma peanut and bahiagrass is often limited by dry (1992) or cool conditions (1993) in the spring, with rapid growth occurring after the onset of the summer rainy season that occurred in June of 1992 (56 d ) and July of 1993 (84 d).
As previously reported by Bennett et al. (1995) , however, gains of steers grazing this pastures were never limited by this range or botanical compositon of the herbage mass on offer. When herbage mass is not limiting, the overriding factor that affects an animal's diet selection is the nutritive value of the species available. There was a sampling date ( P < .05) and year × sampling date effect for both CP and IVOMD. The year × sampling date interaction was significant for all botanical components except for IVOMD of rhizoma peanut ( P = .16) and forb ( P = .10). Ranges throughout the season in CP content (28.2 to 12.4% and 16.1 to 7.6% for rhizoma peanut and grass, respectively) and IVOMD (77.0 to 61.2% and 66.3 to 39.1% for rhizoma peanut and grass, respectively) were similar to values reported by Williams et al. (1991) .
Relationship Between Ingesta and Fecal Botanical Components
Ingesta and fecal botanical composition from cannulated steers was compared to determine whether ingesta and fecal samples would provide similar information on diet botanical composition. For the MH analyses, there were interactions with year for rhi- c Probability the mean difference is different from 0; NS = P > .10; * = P < .05; ** = P < .01; *** = P < .001. Todd and Hansen (1973) found that fecal and ingesta botanical composition were different and concluded that this difference was because fecal samples represented an average of the diet over time. Vavra and Holechek (1980) found that some forage species were sensitive to epidermal destruction during passage throughout the digestive tract, making microhistological characteristics of fecal samples different from extrusal and ruminal samples. Mukhtar and Hansen (1983) found that differential digestion affected discernability of plant fragments, but they concluded that technicians with proper training could identify faintly discernible cuticular fragments. Alipayo et al. (1992) concluded that botanical composition of diets fed were accurately estimated by MH analysis of feces, but there could be a tendency to overestimate legumes and forbs and underestimate grass. Botanical composition of the selected diet also was determined using stable CR analysis of ingesta and feces. There was no effect of year or botanical component × year interaction, so these effects were removed from the final analyses. Ingesta and fecal plants ( r = .63, x = 87.7%) and ingesta and corrected fecal (corrected for IVOMD) C 3 plants ( r = .61, x = 87.7%) were positively correlated ( P < .001). Even though correction for IVOMD did not improve the correlation between ingesta and fecal C 3 plants, it did move the slope of the relationship closer to unity (from .73 to .96) and moved the intercept closer to zero (from 27.9 to 8.0). Carulla et al. (1991) reported a low correlation ( r = .55) between estimates of percentage of legume in the diet determined with d 13 C of feces and d 13 C of esophageal extrusa, and they concluded that this was because botanical composition in feces represents a longer period of consumption than that sampled over a shorter interval in the extrusa.
Diet Selection Estimated from Fecal Microhistological Analysis and Carbon Ratio Analysis vs Pasture Botanical Composition on Offer
Mean differences between botanical components of the herbage on offer and the botanical components of the diet as determined by MH or CR analysis of fecal samples are shown for 1992 in Table 1 and for 1993 in  Table 2 . Both methods show similar seasonal and yearly effects on diet selection when consideration is given to the fact in CR analysis, rhizoma peanut and forb components cannot be differentiated because they are both C 3 plants.
In 1992, and consistent with the MH analyses, C 4 forage (tropical grass) was selected by steers to a greater extent ( P < .05 to P < .01) than grass present in the sward early in the grazing season ( d 28 to 56). In 1993, a preference ( P < .10 to P < .01) for the grass was not evidenced by MH or CR analysis until d 84 due to limited availability of the grass that year 25, 1993. b Mean difference expressed in percentage units; ( + ) = forage component was more abundant in estimated diet than in forage on offer; ( −) = forage component was less abundant in estimated diet than in forage on offer.
c Probability the mean difference is different from 0; NS = P > .10; † = P < .10; * = P < .05; ** = P < .01; *** = P < .001. +24.6 ± 1.25 *** −10.7 ± .54 *** −14.1 ± .95 *** +5.5 ± 1.06 *** −5.6 ± 1.06 *** 224 +24.5 ± .87 *** −9.5 ± .88 *** −15.0 ± .72 *** +5.9 ± 1.15 *** −6.0 ± 1.14 *** (Figure 1 ), the result of a late April frost. Stobbs (1977) found that a legume, siratro ( Macroptilium atropurpureum) , grown in association with tropical grass, contributed little to the diet of grazing cattle in spring and early summer. However, he attributed these results in part to low yield of legume relative to grass during spring, which did not seem to be the case for rhizoma peanut in the present experiment, at least in 1992 (Figure 1 ). For both years, by d 112, CR analysis showed that intake of C 4 forage declined ( P < .05), and this was consistent with the MH analysis. This was due to relatively greater ( P < .01) intake of C 3 plants (rhizoma peanut and forb). Microhistological analysis showed that this increase in C 3 plants was composed almost exclusively of rhizoma peanut and not forb. At this time, the forb component was mostly Mexican tea, which the animals avoided. Stobbs (1977) in Australia and Carulla et al. (1991) in the Llanos of Colombia showed that cattle had a preference for legume in mixed swards later in the grazing season. Langlands and Sanson (1976) concluded that selectivity increased as bulk density of the forage on offer increased. This was attributed to a decline in nutritive value of forage on offer as forage mass increased, offering more opportunity for cattle to selectively graze. The present data seem to be consistent with these observations because selection for rhizoma peanut started to occur when forage mass on offer increased due to summer rains.
For the remainder of the grazing season, there were discrepancies between CR and MH analysis (Table 1 and 2). Carbon ratio analysis indicated that C 3 components were either not selected by steers or C 4 in the diet was significantly greater and C 3 in the diet significantly less than that on offer. This is in contrast to the work of Coates et al. (1987) , who used CR analysis to study diets of cattle grazing grass-legume pastures that consisted mainly of rhodesgrass ( Chloris gayana Kunth.) and stylo ( Stylosanthes hamata [L.] Taub. and viscosa Sw.) in a subtropical region of Australia, south of Townsville, Queensland. They found that preference for legume was high for much of the study, but it was highest during fall. The apparent discrepancy between MH and CR analyses (Table 1 and 2 ) during this time period is likely due to the combined effect of steers avoiding forb and selecting rhizoma peanut, both of which are C 3 plants.
In conclusion, we found that fecal botanical composition was correlated with botanical composition of ingesta, and, therefore, fecal botanical composition may be useful in determining diet selection. An advantage of this approach (fecal analysis) would be the elimination of surgery required to install ruminal or esophageal cannulas. Results from two methods of determining botanical composition in feces, MH and CR, were different at times due to the complexity of the sward (both rhizoma peanut and forb constituted a single component in the CR analysis). In such cases, MH analysis may be the method of choice. When the C 3 component is primarily the legume(s) of interest, CR analysis may be advantageous because it eliminates substantial technical skill required to perform MH analysis.
Implications
Both microhistological and carbon ratio analysis of feces can be used to estimate diet botanical composition in cattle grazing mixed swards of tropical grasses and legumes. If there is substantial contribution of forb to the sward, such as occurred with Chenopodium ambrosoides in the present experiment, fecal microhistological analysis may be more informative than fecal carbon ratio analysis. 
